Objective: The aim of this study was to determine the incidence and risk factors of postoperative inguinal hernia and to investigate whether the difference of approach could induce postoperative inguinal hernia after laparoscopic radical prostatectomy. Methods: We reviewed 493 consecutive patients who underwent laparoscopic radical prostatectomy from November 2000 to November 2007, and evaluated various preoperative parameters, specifically age, prostate-specific antigen (ng/ml), body mass index (kg/m 2 ), prostate volume (ml), previous major abdominal surgery, previous appendectomy, previous inguinal hernia repair and laparoscopic approach as risk factors for postoperative inguinal hernia. Results: Inguinal hernia occurred in 4 (4.9%) of the 81 patients in the transperitoneal approach group, and in 37 (9.0%) of the 412 patients in the extraperitoneal approach group. The overall incidence of inguinal hernia was 8.3% (41 of 493 patients). The median inguinal hernia-free survival time was 35 months and 6 months in the transperitoneal approach and extraperitoneal approach groups, respectively. Inguinal hernia developed within 2 years after surgery in 2 (50%) of 4 patients in the transperitoneal approach group, in 34 (91.9%) of 37 patients in the extraperitoneal approach group, for a total of 36 (87.8%) of 41 patients overall. Multivariate analysis showed that the extraperitoneal approach was a significant risk factor (P ¼ 0.043) for inguinal hernia. Conclusions: Inguinal hernia is a frequent complication after laparoscopic radical prostatectomy, and the incidence of inguinal hernia is greater with the extraperitoneal approach than with the transperitoneal approach.
INTRODUCTION
An inguinal hernia (IH) that develops after open radical retropubic prostatectomy (RRP) is a frequent complication with an incidence of more than 10% [range 12 -19% (1,2) ]. The first report of an IH after RRP was described by Regan et al. in 1996 (2) . Since then, several other reports have been published. Regan et al. (2) also reported that prolonged stretching of the rectus and lower abdominal musculature and fascia following the use of self-retractors weakens the 'shutter valve' mechanism of the internal hernia ring. Abe et al. (3) reported that previous abdominal surgery did not contribute to the development of an IH after RRP and concluded that undergoing the operation itself for prostate cancer was a risk factor compared with radiation therapy. Another report showed that a previous IH, wound-related problems, postoperative anastomosis stricture and low body mass index (BMI) were risk factors for a postoperative IH (4, 5) . At present, some risk factors are candidates for the development of an IH. IHs occur at a certain frequency even with laparoscopic radical prostatectomy (LRP). According to the literature, about 14% of patients who undergo LRP develop a postoperative IH (3) .
With the spread of the screening by prostate-specific antigen (PSA), the number of patients diagnosed with organconfined prostate cancer and who subsequently undergo radical prostatectomy has increased drastically (6,7). In proportion to the cases of operation, the importance of the postoperative complications have been focused recently. Urinary incontinence and erectile dysfunction are major complications in both conventional RRP and LRP; however, IH has not been focused as a complication because there seemed not to be a definite relationship between the operative procedure and postoperative IH. Patients who develop IH certainly suffer from its complications, and often undergo a repair procedure. IH degrades the quality of life of the patient after the surgery. This study was undertaken to determine the relationship between LRP and postoperative IH and to investigate the risk factors of IH after LRP.
PATIENTS AND METHODS
We retrospectively reviewed a total of 514 patients with prostate cancer who underwent LRP at our institution from November 2000 to November 2007. A total of 9 patients were excluded from analysis due to a follow-up shorter than 3 months, and 10 patients who had preexisting IH before LRP without IH repair were also excluded from current study. The patients were questioned about past medical history, including undergoing operations. The patients were followed-up every 3 months after the operation, and were examined to confirm whether an IH had subsequently occurred. IH was defined as symptomatic inguinal bulging with or without discomfort of groin. Patient records were also reviewed according to preoperative parameters, including age, BMI, preoperative PSA level, prostate volume and preoperative risk factors, including a history of previous major abdominal surgery, previous appendectomy and previous IH repair. Postoperative urethral stricture was eliminated from analysis because only two patients were observed during follow-up period. Perioperative risk factors, including operating time and surgical procedure, were also reviewed. Transperitoneal approach (TPA) was performed from November 2000 to December 2002 according to the Montsouris technique (8) patients. At our institution, LRP was performed by three operators who underwent the operation with same procedures and same follow-up protocols. There were no significant differences in preopetative risk factors and perioperative risk factors between those different operators (data was not shown).
The IH-free rate was estimated using Kaplan -Meier analysis, and the differences among groups were tested using the log-rank test. Cox proportional hazard analysis was used to determine the predictors of IH.
RESULTS
A total of 493 patients were followed by median 29.0 months after the operation. Using the Kaplan -Meier method, 1-year and 2-year IH-free rates were calculated 94.0 and 92.0%, respectively. The patient characteristics which were divided in two groups according to operative procedure are listed on Table 1 . There were significant differences in the preoperative PSA level, follow-up time and operative time between the TPA and EPA groups. The follow-up time was longer in the TPA group than in the EPA group. During follow-up, IH occurred in 4 (4.9%) of 81 patients in the TPA group, and in 37 (9.0%) of 412 patients in the EPA group. The total incidence of IH was 8.3% (41 of 493 patients). The median interval of IH-free survival was 35 months and 6 months in the TPA and EPA groups, respectively. The characteristics in patients in whom an IH developed are listed on Table 2 . The incidence of IH within 2 years of the operation was 50% (2 of 4 patients) in the TPA group, 91.9% (34 of 37 patients) in the EPA group, and 87.8% (36 of 41 patients) overall. In the EPA group, IH had developed in 22 (59.5%) of 37 patients within 6 months, and in 27 (73.0%) of 37 patients within 12 months of the surgery. IH developed postoperatively in only two patients who had a history of IH repair. Table 2 shows that there was a significant difference in median interval of IH-free survival between the TPA and EPA groups. IH occurred significantly earlier in the EPA group than in the TPA group, and the laterality was right-side dominant in both groups; 65.8% were right side, 24.4% were left side, and 9.8% were bilateral. Figure 1 shows the IH-free survival rate for the TPA and EPA groups. The incidence of IH was significantly higher in the EPA group compared with the TPA group. Univariate and multivariate analysis revealed that EPA was a significant risk factor for IH (P ¼ 0.043), while the other factors were not significant (Table 3) .
DISCUSSION
Since Guillonneau and Vallancien (8) first described their technique for LRP, the number of patients treated (9) also reported that the oncologic outcome, potency and continence appeared to be equivalent to open RRP or transperitoneal LRP. The technique for LRP has been continuously refined, and the number of patients who undergo LRP for organ-confined prostate cancer seems to have been increasing. To the best of our knowledge, there is only one published report that compared the incidence and risk factors of post-LRP IH (3); however, the influence of the operative procedure had not been fully discussed. We then sought to determine the incidence and risk factors according to the surgical approach.
In the present study, we compared several parameters that were considered to affect IHs. Multivariate analysis showed that only EPA was a significant risk factor for IH, whereas age, PSA, BMI, prostate volume, previous abdominal surgery, previous appendectomy, previous IH repair and operative time were not significant risk factors for postoperative IH. The results of these studies suggest that EPA causes post-LRP IH more often than TPA. Differences in the operative procedure may predict the reason for the post operative IH.
We believe that the critical difference between TPA and EPA is the dilation of extraperitoneal space using a balloon dissector which placed just below the umbilicus. In the case of TPA, the insufflation of carbon dioxide gas produces sufficient abdominal space to insert the manipulating ports and perform the prostatectomy, since TPA can create a wider space than EPA. However, EPA needs a space in the Retzius cavity. In this procedure, the back wall of the internal Figure 1 . Kaplan -Meier analysis comparing hernia-free rate in transperitoneal approach group and in extraperitoneal approach group. inguinal ring may be weakened and the fragility of the internal inguinal ring may cause a successive IH later on. An IH was noticed significantly earlier in the EPA group than in the TPA group. This may suggest that the influence of surgical manipulation has relevance to EPA group with respect to the development of an IH than in TPA. Another interesting observation was the difference in the laterality of the IH that occurred. We determined the laterality of the IHs that developed. A right-side IH was detected significantly more often than a left side hernia. Abe et al. (3) reported the right-side dominance of post operative IH in a RRP group. They explained this by suggesting that a surgeon who stands on the left side of the patient may perform excessive dissection in the right groin area. On the other hand, Sekita et al. (11) reported that subclinical IH was found in 25% of RRP cases and the existence of subclinical IH was mainly right-sided (75%). This could reflect the right-side dominance of postoperative IH. However, there is no clear and definitive reason for explaining the right-side IH dominance. Further clinical investigations were needed to determine why the IH developed it in right side more often than left side.
We demonstrated that extraperitoneal LRP caused a higher incidence of postoperative IH. However, our study may have some limitations. The operating time was different between the TPA and EPA groups, which may promote fragility of the inguinal canal induced by the high pressure of the carbon dioxide gas. Since any surgical technique has its own learning curve, EPA, which was started after TPA, should have some advantages with respect to TPA, resulting in a shorter operating time for EPA compared with TPA. In other words, even though the EPA technique was performed by an experienced operator and with a shorter operative time, it nonetheless still resulted in a greater incidence of IH than TPA. This result suggests that EPA definitely has an effect on the development of an IH compared with TPA. There was the disparity in the number of cases between TPA and EPA groups; however, EPA has potential advantage in the procedure compared with TPA concerning about the complications; no contact with bowel, imperviableness of previous abdominal surgery, less problem with extravasations (12) .
On the other hand, the incidence of IH in the general male population is approximately 5% (13) . Coincidental IHs at surgery have been reported in up to 33% of patients with prostatectomy (14) , and an incidental IH rate of 13% was also reported in patients undergoing laparoscopic surgery (15) . Based on these reports, the possibility that subclinical IHs are overlooked needs to be considered, in other word, IH had predated LRP and come to light in the postoperative phase as these patients become symptomatic, even though a thorough physical examination is performed around the time of the operation. However, we could consider that the IH occurred newly clinically in which asymptomatic subclinical IH became to have presented a symptom postoperatively.
The results of analysis showed that the complication was observed within 2 years postoperatively in 87.8% of the patients who had developed IH. For the urologist who follows post-LRP patients, a postoperative physical examination will become more important, because IHs sometimes cause not only pain and discomfort, but also a critical ileus. Moreover, patients who will undergo LRP should be informed of the risk of a postoperative IH, especially when the EPA technique is used.
CONCLUSIONS
IH is a frequent complication after LRP, and IHs develop more often by the EPA than by the TPA.
